Twenty-five primer pairs developed from genomic simple sequence repeats (SSR) were compared with 25 expressed sequence tags (EST) SSRs to evaluate the efficiency of these two sets of primers using 59 sugarcane genetic stocks. The mean polymorphism information content (PIC) of genomic SSR was higher (0.72) compared to the PIC value recorded by EST-SSR marker (0.62). The relatively low level of polymorphism in EST-SSR markers may be due to the location of these markers in more conserved and expressed sequences compared to genomic sequences which are spread throughout the genome. Dendrogram based on the genomic SSR and EST-SSR marker data showed differences in grouping of genotypes. A total of 59 sugarcane accessions were grouped into 6 and 4 clusters using genomic SSR and EST-SSR, respectively. The highly efficient genomic SSR could subcluster the genotypes of some of the clusters formed by EST-SSR markers. The difference in dendrogram observed was probably due to the variation in number of markers produced by genomic SSR and EST-SSR and different portion of genome amplified by both the markers. The combined dendrogram (genomic SSR and EST-SSR) more clearly showed the genetic relationship among the sugarcane genotypes by forming four clusters. The mean genetic similarity (GS) value obtained using EST-SSR among 59 sugarcane accessions was 0.70, whereas the mean GS obtained using genomic SSR was 0.63. Although relatively lower level of polymorphism was displayed by the EST-SSR markers, genetic diversity shown by the EST-SSR was found to be promising as they were functional marker. High level of PIC and low genetic similarity values of genomic SSR may be more useful in DNA fingerprinting, selection of true hybrids, identification of variety specific markers and genetic diversity analysis. Identification of diverse parents based on cluster analysis can be effectively done with EST-SSR as the genetic similarity estimates are based on functional attributes related to morphological/agronomical traits.
Introduction
Sugarcane (Saccharum spp. hybrids) being one of the important multipurpose agricultural crops cultivated in both tropical and sub-tropical countries accounts for nearly 80% of the white sugar production worldwide. Sugarcane belongs to the genus Saccharum and family Poaceae and composed of hybrids mainly derived from Saccharum officinarum and Saccharum spontaneum (Roach 1972) . Sugarcane genome is highly complex due to its interspecific origin, large size and high degree of complex polyploidy (Singh et al. 2011) . It also exhibits variable number of somatic chromosomes due to multispecies origin. Hence genetic studies in sugarcane received little attention compared to the other diploid crops (Grivet and Arruda 2001) . In addition, only limited number of parental clones involved in genetic makeup of sugarcane which resulted in the narrow genetic base of the modern cultivars is the main cause of slow progress in varietal release for sugarcane (Singh et al. 2011) . The essential step in genetic base broadening programme is to utilize the germplasm with sufficient genetic variation which reflects on agronomical traits (Ahmed and Gardezi 2017) . Hence determination and utilization of the natural variation present Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1320 5-018-1172-8) contains supplementary material, which is available to authorized users.
in the domestic cultivars and wild relatives will accelerate the varietal development programme (Cordeiro et al. 2001) .
Genetic variation in sugarcane can be assessed with morphological markers (Perera et al. 2012) , agronomical traits (Brasileiro et al. 2014 ) and molecular markers (Cordeiro et al. 2003) . Although morphological markers and agronomical traits are easy to record, they are less reproducible due to the limited number of traits and highly influenced by the environment. On the contrary, molecular markers which exhibit environment independent expression are now routinely used in genetic studies in sugarcane. Among the molecular markers, SSR markers were more efficient in overcoming the limitations posed by morphological markers; hence, they were widely used in comparative mapping (Piperidis et al. 2008; Raboin et al. 2006) , linkage map construction (Andru et al. 2011; Oliveira et al. 2007 ), germplasm characterization (Cordeiro et al. 2003) , paternity analysis (Tew and Pan 2010; Ahmad et al. 2017) , varietal testing (Pan 2006) , association mapping (Racedo et al. 2016 ) and genetic analysis (Pashley et al. 2006) . SSRs can be identified from either genomic DNA or cDNA sequences. Abundance in plant genome, reproducibility and high polymorphic nature make genomic SSR markers more attractive and dependable. SSR markers derived from genomic libraries amplified more fragments and showed more polymorphism within sugarcane (Cordeiro et al.2001; Pinto et al. 2006; Kalwade and Devarumath 2014) . However, most of the genomic markers are likely to have no close linkage to transcribed regions and thus have no defined genic function (Hu et al. 2011) . On the contrary, SSR markers derived from EST sequences are functionally important than genomic markers because they are present in the expressed regions of the genome Carson and Botha 2000) . EST-SSR markers have relative advantage over genomic SSR because they are quickly obtained by electronic search and it reflects the genetic diversity inside or adjacent to the genes (Varshney et al. 2005) . In the complex genome crops like sugarcane, gene characterization is achieved significantly using EST markers (Oliveira et al. 2009 ). ESTs are important resource for gene discovery, gene expression, molecular marker development and comparative genomics. In sugarcane large number of genomic SSR and EST-SSR were developed and deployed in various genetic analyses (Singh et al. 2008; Pan 2006) .
Genomic SSR and EST-SSR differ in assessing genetic diversity of species, because they come from different regions of genomes as reported in wheat (Triticum aestivum) and other plants (Chen et al. 2009; Wen et al. 2010) . Different types of molecular markers have been used in genetic diversity analysis among populations and screening of candidate genes associated with targeted traits. Sugarcane has larger genome, can be characterized with larger amount of genomic SSR markers resulting in better map coverage and even un-transcribed regions can be covered by genomic SSRs. High cross transferability to related species and utilization in comparative mapping and evolution studies are the advantages of EST-SSR. In Marker Aided Selection (MAS), combination of genomic SSR and EST-SSR provides the opportunities for more complete scan of the genome. Although both the markers systems are used in genetic studies and diversity analysis, comparative efficiency of these marker systems was not reported in sugarcane. In the present study, genomic and EST SSRs were analyzed for different genetic parameters and interpretations on relative advantage of specific markers system for specific studies are presented.
Materials and methods

Plant materials
Fifty-nine sugarcane accessions representing commercial hybrids, pre-breeding genetic stocks, and interspecific and intergeneric hybrids involving related species and genera in Saccharum complex were obtained from ICAR-Sugarcane Breeding Institute, Coimbatore, India. 
DNA extraction and Quality check
Tender stem tissue samples were collected and DNA was isolated using CTAB method (Doyle and Doyle 1987) . The quality and quantity of the DNA samples were checked in NanoDrop (ND-1000, version 3.1.1, USA).
Primers, PCR (Polymerase Chain Reaction) amplification and electrophoresis
Fifty SSR primers were used in this study to analyze the genetic diversity among the 59 sugarcane genotypes. Out of these 50 primer pairs, 25 SSR primers were derived from EST database and 25 SSR primers were designed from the genomic sequences. EST SSR primers were associated with wide range of gene function including transmembrane glycoprotein (NKS 1), cytochrome P450 (NKS 2) (Carson and Botha 2000) , acid invertase (NKS 3) (Carson et al. 2002) , WRKY 1 (SCB 190) (Yilmaz et al. 2009 ), peroxidise precursor protein (SCB 243) (Liu et al. 2008) , ENTH (epsin N-terminal homology) domain containing protein (SCB 254) (Lin et al. 1999) , pherophorin like protein (SCB 474) (Soderlund et al. 2009 ), uridylate kinase protein (SCB 486) (Chen et al. 2009 ), endosperm surrounding region family protein (SCB (Alexandrov et al. 2009 ). Among the EST primers, 16, 6 and 3 primers were reported by Marconi et al. (2011 ), Singh et al. (2008 and Govindaraj et al. (2005) , respectively. Among genomic SSR primers, 14 and 11 primers were reported by Govindaraj et al. (2005) and Cordeiro et al. (2000) , respectively. The details of the primers are given in Online Resource 2. Different types of repeat motifs, viz. di, tri and tetra nucleotide repeats present in the genomic and EST-SSR markers are summarized in Online Resource 2. Among the genomic SSR sequences, dinucleotide repeats were common whereas trinucleotides were abundant among EST-SSR.
All the primers were standardized for annealing temperature using gradient PCR to improve the specificity of the primers. The DNA samples were diluted to get a final concentration of 20 ng/µl for PCR amplification. The PCR reaction was performed in a thermal cycler (Eppendorf Mastercycler Pro S, Germany) using a 10 µl reaction mix consisting final concentration of 20 ng template DNA, 25 pmol each of forward and reverse primers, 0.3 unit Taq polymerase (Merck, India), l× Taq Buffer (Merck, India) and 100 μM dNTPs (Merck, India). The PCR cycle consisted of 2 min at 95 °C followed by 30 cycles of 1 min at 94 °C, 40 s at the annealing temperature standardized for each primer (ranging from 50 to 64 °C), 40 s extension at 72 °C and a final extension of 7 min at 72 °C. PCR products were resolved in 8% non-denaturing polyacrylamide gels in a vertical electrophoresis apparatus (Scie-Plas, UK) and stained with silver nitrate. The size of the amplified fragment was estimated using 100 bp DNA ladder and gel documentation was done using Alpha Imager.
Band scoring and analysis
DNA bands were scored for the presence (1) or absence (0) in all 59 genotypes and the data were used to calculate the Jaccard's similarity coefficient (JSCs) using NTSYS-pc software, Numerical Taxonomy System, Version 2.10 (Applied Biostatistics, Inc., Setauket, NY, USA). Genetic distances between each pair of lines were estimated as D = 1−JS. Dendrogram was constructed using Unweighted Pair Group Method of Arithmetic mean (UPGMA), algorithm in NTSYS-pc. PIC was calculated using the formula, PIC = 1−ΣPij 2 (Anderson et al. 1993) , where Pij is the frequency of the jth allele for ith locus summed across all alleles for the locus.
Results and discussion
Number of markers generated by different types of primers
Genomic SSR markers were compared with EST-SSR markers for the number of amplicons generated, PIC, percentage of polymorphism and ability to estimate the genetic relationships among sugarcane clones. Both genomic SSR and EST-SSR markers amplified distinct banding patterns with varying degrees of polymorphism among the 59 sugarcane genotypes. Genomic SSR primers generated more markers than the EST-SSR primers. The number of markers ranged from 6 (NKS 56) to 25 (SMC336BS) for genomic SSR primers and for the EST-SSR the number of markers ranged from 3 (SCB 243) to 31 (SCB 365). The 25 genomic SSR primers generated 374 markers with a mean of 14.96 markers per primer while 25 EST primers produced 350 markers with a mean of 14 markers per primer. Multiple alleles generated by the SSR primers are due to the polyploidy, aneuploidy and larger size of the sugarcane genome (Singh et al. 2017) . Generation of high number of marker per primer justified the right selection of primers for genetic diversity analysis. More than 10 amplicons per primer were also reported by You et al. (2016) and Singh et al. (2011) .
Out of 724 SSR markers amplified by both genomic SSR and EST-SSR primers, 721 markers were found to be polymorphic (99.58%) with an average of 14.48 polymorphic Table 2 . Seven and eight primers of genomic and EST SSR primers, respectively, generated low number of markers (between 1 and 10) whereas 13 genomic and EST-SSR primers each generated medium number of markers (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . More than 21 markers were generated by 5 and 4 genomic and EST SSR primers, respectively. The size of the amplicons produced by different primers system also varied greatly. Each 3 genomic and EST SSR primers generated marker size of less than 300 bp while 11 genomic and 12 EST-SSR primers generated marker size between 301 and 500 bp. Eleven genomic and 10 EST-SSR primers generated the marker size of above 500 bp. The results indicated that the size of the markers produced by both the marker systems did not show any variation.
Efficiency of genomic SSR and EST-SSR in discriminating the progenies with common parents
Genetically, sugarcane is heterozygous and homogenous. Since the parents used are heterozygous in nature, the hybrids also segregate for several characters but variation is restricted to alleles present in the parents. The number of polymorphic markers among five progenies of same cross was 172 and 133 with genomic SSR primers and EST-SSR primers respectively. The average number of polymorphic markers produced among 4 progenies of same cross by genomic primers was 217 whereas EST-SSR markers recorded a mean of 174.5 polymorphic markers. For 3 progenies of a same cross, polymorphic markers recorded by genomic SSR primers and EST-SSR primers were 128 and 81, respectively. The average of polymorphic markers generated by genomic and ESR SSR primers among two progenies of a same cross was 107.7 and 75.8, respectively. This clearly demonstrated that genomic SSR primers had more discriminating power by generating more number of polymorphic markers among the progenies sharing common gene pool compared to EST-SSR.
Polymorphism Information Content (PIC)
The (Cho et al. 2000; Cordeiro et al. 2001; Filho et al. 2010) . Pinto et al. (2006) reported higher PIC value of 0.82 with genomic SSR primers compared to 0.73 generated by EST-SSR primers with 13 commercial clones of sugarcane, three Saccharum species clones (S. officinarum, S. barberi and S. sinense) and the parents (SP80-180 and SP80-4966). High variation for the PIC values from 0.12 (Singh et al. 2013) 
Cluster analysis
Selection of parents in sugarcane is of paramount important as generation of variability is restricted to one recombination during hybridization and no scope for segregation in further clonal selection stages. Although morphological and agronomical traits were used in parental selection, recently DNA marker based diversity analysis and clustering were used for identification of diverse parents. In sugarcane, both genomic SSR (Cordeiro et al. 2000; Pan 2006 ) and EST-SSR (Filho et al. 2010; Marconi et al. 2011 ) based genetic diversity were reported. However, efficacies of genomic SSR and EST-SSR in grouping of genotypes were not studied in detail in sugarcane.
Genetic similarity co-efficient
Genetic similarity (GS) and dendrogram based on the genomic SSR or EST-SSR marker data were separately worked out. GS based on Jaccard's coefficient was calculated with 373 polymorphic markers amplified by 25 genomic SSRs. GS values varied from 0.459 (BM 09283 and BM 10209) to 0.949 (BM 09285 and BM 09282) with the average value of 0.631. The highest GS between BM 09282 and BM 09285 was due to common Erianthus parents. The GS values estimated with these genomic SSR markers were comparable to the GS reported in sugarcane elsewhere (Chen et al. 2009; Saravanakumar et al. 2014) . Average GS among the clones obtained from 348 polymorphic markers generated by 25 EST-SSR markers was 0.70. The most genetically dissimilar clones were BM 10195 and BM 09283 (0.451) with very low GS value between them. Singh et al. (2015) reported the GS which ranged from 0.47 to 0.91 Fig. 1 Dendrogram based on the Jaccard's similarity coefficient and UPGMA clustering method using EST-SSR primers using 48 EST-SSR markers in 26 commercial varieties of sugarcane while Alwala et al. (2006) reported a moderate GS of 0.68 with TRAP markers. The high mean GS values obtained by both genomic SSR (0.63) and EST-SSR (0.70) reveal the narrow genetic base of the clones which share common parents in their pedigree (Table 1) . It also indicated that genomic SSR with low mean GS values had relatively higher discriminating power to identify even closely related clones compared to the EST SSR. The binary data of 721 polymorphic markers generated by 50 SSR (genomic and EST) primers were used to generate combined dendrogram and genetic diversity analysis. Jaccard's similarity coefficient between the pairs ranged from 0.466 (BM 09283 and BM 10218) to 0.954 (BM 09282 and BM 09285) with a mean of 0.665. The mean similarity co-efficient was the highest with the clone BM 09293 (0.688) followed by BM 09294 (0.687). The lowest mean similarity co-efficiency was recorded by BM 09283 with the value of 0.534 followed by 013102 (0.611). The clones with low mean GS can be crossed with an array of parents for generating more variability and selecting elite progenies with wider genetic base.
Comparison of GS assessed with genomic SSR and EST-SSR among the progenies of same cross
The average GS detected by genomic SSR between two progenies of the cross was 0.7 whereas EST-SSR detected the average GS of 0.78. Average GS detected by genomic SSR and EST-SSR markers among three progenies of a same cross was 0.76 and 0.84, respectively. The average GS detected among 4 progenies of a same cross by genomic SSR and EST-SSR markers was 0.66 and 0.70, respectively. Likewise, genomic SSR and EST-SSR detected the average GS among five progenies of a same cross was 0.76 and 0.8, respectively. These results suggested that genomic SSR Fig. 2 Dendrogram based on the Jaccard's similarity coefficient and UPGMA clustering method using genomic SSR primers which recorded low mean GS could be used for discriminating the progenies sharing common parents.
Efficiency of genomic and EST SSR in grouping of genotypes
The 59 sugarcane accessions were grouped into six and four clusters using genomic SSR and EST-SSR, respectively. The difference in number of groups formed might be due to the variation in number of markers produced by genomic SSR and EST-SSR and different portion of genome amplified by both markers (Hu et al. 2011) . In EST-SSR based dendrogram (Fig. 1) , most of the high biomass clones were clustered together in Cluster I while these clones were grouped into Clusters I and III with genomic SSRs (Fig. 2) . Differences in the distribution of some genotypes were observed in the phylogenetic trees constructed by different markers. BM 10210 and BM 10217, the progenies of Erianthus X Commercial Cane, were found in different clusters in genomic SSR tree but the genotypes were clustered together with EST-SSR tree. Another pair of genotypes, viz., BM10173 and BM 10185 which shared ISH 100 as one of their parents clustered together (Cluster I) in EST-SSR tree, but they were distantly clustered with genomic SSR. BM09274 and BM0981 which had common parent (013502) clustered together in EST-SSR dendrogram Cluster I but these both clones were differently clustered in genomic SSR tree. The differences observed between the two trees using different marker systems could be due to the differences in targeted DNA regions or genomic coverage rate of the different marker systems (Varshney et al. 2005) . BM 10177 and BM 09281 which were the progenies of a same cross (038701 × Co 62198) were clustered in different cluster in genomic SSR dendrogram, whereas the above said clones were clustered in a same cluster in EST-SSR dendrogram. The results clearly demonstrated that the genomic SSR with Fig. 3 Dendrogram based on the Jaccard's similarity coefficient and UPGMA clustering method using both EST-SSR and Genomic SSR primers higher PIC and lower GS values could identify even minor genetic differences between the genotypes and group them accordingly.
A dendrogram was constructed combining both genomic SSR and EST-SSR marker data (Singh et al. 2011; You et al. 2016 ) using UPGMA method (Fig. 3) . Using the average similarity, clustering divided the sugarcane accessions into four clusters. Cluster I comprised of 37 clones, which were the clones with high biomass content. Cluster II consisted of 19 near commercial hybrids, S. officinarum clone and Inter Specific Hybrids (ISH). Cluster III grouped 2 genotypes while Cluster IV had single genotype with Erianthus arundinaceus in the immediate pedigree. The clustering pattern of combined primers was mostly resembling the EST SSR based grouping of genotypes. Considering the agronomic performance of the clones, in all the three types of dendrograms (genomic SSR, EST SSR and combined SSR), the clone BM 09283 with low juice brix % was clustered separately. Except BM10173 all the low fibre content clones were clustered together in EST-SSR dendrogram and combined dendrogram. These results suggested that both markers system (genomic SSR and EST-SSR) can be efficiently used for unraveling the genetic variability in sugarcane. In particular, genomic SSR can be used for broad based grouping of genotypes efficiently; however, EST SSR based clustering may be more efficient in identification of diverse parents for crossing programmes because the GS is estimated with the functional markers related to the genes.
Conclusion
Genomic SSR and EST-SSR were compared for their efficiency in different molecular marker analysis based on the markers generated with 59 clones. The result indicated that genomic SSR showed higher polymorphism and PIC compared to EST-SSR. Genetic diversity among 59 sugarcane accessions was well resolved by both EST-SSR and genomic SSR in grouping them into distinct clusters. Higher number of clusters formed by genomic SSR indicated that subgrouping of genotypes could be possible by estimating the minor genetic differences among the genotypes. High level of PIC and low genetic similarity values of genomic SSR may be more useful in DNA fingerprinting, selection of true hybrids, identification of variety specific markers and genetic diversity analysis. Identification of diverse parents in breeding programmes based on cluster analysis of genotypes can be effectively done with EST-SSR as the genetic similarity was estimated based on functional attributes related to morphological/agronomical traits.
